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A bstract: Radon (*?Rn) has been used as an atmospheric tracer for studying the vertical mixing processes
in the planetary boundary layer (PBL). Therefore, the time series of hourly atmospheric radon concentration obtained
in Ljubljana city were analyzed along with the meteorological data and back trajectory information from December
2016 to November 2017. Radon concentration exhibited the annual cycle with a higher mean in the winter (20.7 + 15.5
Bq m~) and a lower mean in the summer (14.6 £ 9 Bq m™) reflecting the PBL evolution on a seasonal timescale. Most
of the time, radon showed the typical diurnal variation following its related mean seasonal level attributed to the vertical
mixing processes. Among this typical pattern, deviations of atmospheric radon concentration by more than +¢ from the
related seasonal mean value have been detected in 9 events (+0 E) in the winter and summer seasons using simple
statistical analysis. The parameter persistent/nocturnal inversion has usually been the reason for +o Ei. While, the tem-
poral variation of the exhalation rate, wind direction/speed and maritime air masses have been the responsible influ-

encing parameter for —o Ei.
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1. INTRODUCTION

Radon (**Rn) is a radioactive noble gas ap-
pearing naturally in the environment as a product of
radioactive transformation of radium (***Ra). Only
a fraction of radon atoms is able to emanate from
the mineral grains and enter into air-filled pore
space, transport through these pore space by diffu-
sion and, for a longer distance, by advection, dis-
solved either in water or in carrier gases (Nazaroff,
1992). Eventually, it exhales into the atmosphere
where it is distributed by turbulent mixing. The ex-
halation of radon into the atmosphere depends on
many parameters, including its source (***Ra con-
tent in the soil), geology (lithology), physical char-
acteristics of upper soil layer (mineral structure, po-
rosity, water content) and the combination of mete-
orological parameters (mainly of soil moisture, at-
mospheric pressure gradient and temperature) (Eti-
ope & Martinelli, 2002; Levin et al., 2002; Mazur &
Kozak, 2014; Papachristodoulou et al., 2007).

Much of the early interest in radon monitoring
was related to the recognition of radon as a health
risk in dwellings and working environments (WHO,
2009). Atmospheric levels of radon are typically
more than an order of magnitude lower than gener-
ally obtained in dwellings and the working environ-
ment (Burian & Otahal, 2009; Sesana et al., 2003;
Vaupotic et al., 2010). The keen interest in atmos-
pheric radon monitoring can be attributed to its
unique characteristics as a tracer for atmospheric
processes. As a gas, it is mobile and carries infor-
mation over long distances across Earth’s crust,
oceans and atmosphere. Being noble, its mobility is
not affected by chemical reactions with any medium
it passes. Furthermore, since radon is relatively in-
soluble in water, it is not susceptible to dry or wet
atmospheric removal processes. The half-life of ra-
don (3.82 d) is comparable to the lifetimes of the
short-lived atmospheric pollutants (e.g. NOx, SO2,
CO, 03) and atmospheric residence time of water
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and aerosols. Since its half-life is much larger than
turbulent timescales (< 1 h), it can be considered a
fairly conservative tracer for convective boundary
layer (CBL) and nocturnal boundary layer (NBL)
mixing studies. With a few assumptions, it is possi-
ble to derive an "equivalent mixing height" from a
time series of near ground radon concentration for a
selected time period of the diurnal cycle. The equiv-
alent mixing height is derived from a box model of
the accumulation of radon at night and then its dilu-
tion the following morning (Fontan et al., 1979;
Sesana et al., 2003, 2006; Griffiths et al., 2013).
Since terrestrial radon exhalation is 2-3 orders of
magnitude greater than its oceanic exhalation, there
is a large contrast in continental and oceanic air
masses radon concentration. Radon’s only signifi-
cant atmospheric sink is radioactive decay process.

The first atmospheric radon observations so-
ught to characterize the vertical distribution of ra-
don in the atmosphere (Butterweck et al., 1994; Co-
hen et al., 1972; Moses et al., 1960; Ussler et al.,
1994). The application of radon observations from
the network of available ground stations has in-
creased substantially over the last two decades (Za-
horowski et al., 2004). Nowadays, 41 stations
worldwide are identified where atmospheric radon
is measured regularly for periods longer than one
year (Zhang et al., 2011).

Currently, there are four major applications of
radon in climate, air quality and pollution studies:
1) Tracing of horizontal air mass transport (Cham-
bers et al., 2013; Dorr et al., 1983; Zahorowski et
al., 2005) (CS5). 2) Investigating vertical mixing in
the lower atmosphere (Chambers et al., 2014;

Grossi et al., 2016; Vinuesa et al., 2007; Williams
et al., 2011). 3) Assessing the surface emissions of
major greenhouse gases, such as CO,, N,O and CH,4
(Levin et al., 1999; Van der Laan et al., 2014; Vogel
et al., 2012; Wada et al., 2013); 4) Validating and,
to a lesser extent, parameterising, transport and mix-
ing schemes in climate/weather models (Jacob &
Prather, 1990).

A typical pattern of atmospheric radon on the
simplest of cases has been documented most of the
time, such as reaching a minimum during the CBL
(on cloud-free day) when the vertical dilution oc-
curs by combined thermal circulations and mechan-
ical mixing and a maximum concentration during
the night (NBL in near-neutral to moderately stable
conditions) due to the formation of a surface tem-
perature inversion. In the very stable boundary layer
(persistent and strong nocturnal inversion) and in
coupled cloud layers, vertical mixing processes re-
main poorly understood (Chambers et al., 2011,
2015; Chen et al., 2016; Willimas et al., 2011).

Among the typical pattern of atmospheric ra-
don on the diurnal timescale attributed to the verti-
cal mixing processes, sudden changes (either in-
crease or decrease from the related mean seasonal
value, here in after referred to as “events”) may be
observed in the time series of atmospheric radon.
The objective of our work was the identification of
the events in the winter and summer seasons and
their relation to the parameters influencing devia-
tion of radon concentration (i) persistent and strong
nocturnal inversion, (ii) temporal variability of ex-
halation rate, (iii) wind direction/speed and (iv) his-
tory of air masses.

2. SITE AND METHODS

2.1. Site characteristics

All the observations were made at the meteor-
ological station Ljubljana BeZzigrad (46°07' N,
14°52' E), situated in the central part of the city. The
city of Ljubljana is located between the
“Ljubljansko polje” (Ljubljana Basin) in the north,
bounded by hills, north by Smarna Gora and Ragica
hills that connect Polhov Gradec hills in the west
with Posavje hills in the east. To the south is “Ljub-
jansko barje” (Ljubljana moor, 162 km?) (Sajn et al.,
2011), a drained ancient moor that was frequently a
lake during the ice ages (Pak, 1992). Ljubljana Ba-
sin lies in a very clear-cut valley basin with a relief
energy of about 300 m.

Temperate and continental, the city’s climate
can be classified as being typical for south-Alpine
regions. Characteristics features of the local climate
are generally calm winds within the basin results in
a high amount of foggy days, frequent persistent and
strong nocturnal inversion at 350 m altitude (120 d
y 1), especially in the winter. The prevailing winds
are NE, NNE and ENE (ARSO, 2017). The mean
wind speed was 1.3 m s~' during the winter and 1.4
m s~ during the summer. The mean air temperature
at the site reveals a distinct seasonal cycle, with the
summer mean daily maximum reaching 22°C and
the winter mean daily minimum 0°C. Rainfall dis-
tribution is irregular, with a peak in the summer
(ARSO, 2017).

Geologica Macedonica, 31, 2, 157- 170 (2017)
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Ljubljana Basin is located in a shallow sedi-
mentary basin filled with heterogeneous Quaternary
deposits. The bedrock of the basin is built of Per-
mian and Carboniferous clastic rocks (claystones,
sandstones, conglomerates) and partly of Mesozoic
carbonate rocks. It outcrops on the margins of the
hills. Ljubljana Basin is covered by gravel deposits
of the Sava river and by sea and lake sediments. On
the gravelly Ljubljana Basin, most water goes un-
derground (Gregoric€ et al., 2013).

2.2. Measurements method

Continuous radon monitoring has been con-
ducted by an AlphaGuard monitor (Saphymo, Ger-
many), ionisation chamber operating in diffusion
mode with a 1-h integration time, with a lower limit
of detection (LLD) ~ 2 Bq m™. The device was set
up inside the weather instrument shelter (Figure 1),
1.5 m above the ground. In addition to the radon
measurements, hourly values of air temperature, rel-
ative humidity, wind speed, wind direction, wind
gust, atmospheric pressure, precipitation, cloud
cover, solar energy radiation and diffusive energy
radiation were obtained from the Office of Meteor-
ology of the Environmental Agency of the Republic
of Slovenia. Backward trajectory analysis has been
performed by using HYSPLIT (Hybrid Single Par-
ticle Lagrangian Integrated Trajectory) model
(Draxler and Rolph, 2011) supplied by NOAA/ARL
(National Oceanic and Atmospheric Administra-
tion/Air Resources Laboratory).

‘,_’)
—_—
e——1

Fig 1. The weather instrument shelter with the AlphaGuard
monitor inside at the meteorological station
Ljubljana Bezigrad located at the Environmental
Agency of the Republic of Slovenia
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The grid resolution has been set to 1°X 1°.
Mixing layer heights were used to assist the inter-
pretation of the atmospheric data generated by the
global data assimilation system (GDAS) model
from NOAA/ARL (National Oceanic and Atmos-
pheric Administration/Air Resources Laboratory).

The statistical analyses were performed by the
openair package (Carslaw & Ropkins, 2012) under
R 3.3.1 (R Development Core Team, 2008).

All reported times are local times (LST = UTC
+ 1 h) and the northern hemisphere seasonal con-
vection has been adapted (i.e. Winter: Decem-
ber—February; Spring: March—May; Summer: June
—August; Autumn: September—November).

2.3. Methodology of data analysis

The time series of hourly mean concentrations
of atmospheric radon obtained between December
2016 and November 2017 (Figure 2) was split into
four seasons, as described hereinabove. For this
study, the means of atmospheric radon concentra-
tion were calculated separately for the winter and
summer seasons. Atmospheric radon events were
first expressed as deviations in a radon concentra-
tion of more than +c from the mean seasonal value.
Secondly, to improve the identification of events,
we chose the periods when:

1. radon concentration deviates by more than +c
from the releated mean seasonal value for more
than 24 hours; they are considered as events
caused possibly by persistent inversion or
history of air masses;

2. radon concentration deviates by more than —c
from the releated mean seasonal value for more
than 24 hours; they are considered as events
caused possibly by temporal variability of
exhalation rate, wind direction/speed or history
of air masses.

The 24 hour period has been selected to repre-
sent: (i) the synoptic timescales (days to weeks) (i)

Caa/BqM?®

01/01 01/02 01/03 01/04 01/05 01/06 01/07 01/08 01/09 01/10 01/11
Date

Fig. 2. Time series of daily mean atmospheric radon
concentration in the period December 2016 — November 2017
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persistent inversion which extends over few days
and (iii) temporal variations of constant exhalation
rate of radon associated mainly with water content
of the soil (which implies the frequency and amount
of precipitation). The frontal situations with the fast
changes of gradient atmospheric pressure were not
considered in this study.

To identify the strong nocturnal boundary
layer (strong inversion), which breaks up near the
afternoon, the condition when radon concentration
deviates by more than +c from the related seasonal
value for more than 12 hours is considered as events
possibly caused by strong nocturnal inversion.

3. RESULTS AND DISCUSSION

Hourly atmospheric radon concentration in the
winter and summer as well as air temperature, solar
energy radiation, diffusive energy radiation, atmos-
pheric pressure, precipitation, mixing height are
shown in Figures 3 and 4. Radon concentration ex-
hibited the annual cycle with higher mean in the
winter (20.7 + 15.5 Bq m™) and lower mean in the

summer (14.6 + 9 Bq m™) reflecting the planetary
boundary layer (PBL) evolution. During the winter,
more cooling occurs during the long nights than
heating during the short day, in the fair weather over
land, reflecting the shrinking role of vertical mixing
within PBL (Figure 3).
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Fig. 3. Time series of a) atmospheric radon concentration (Crn), b) air temperature (7), c) global energy radiation (ER),
d) diffusive energy radiation (ER), e) atmospheric pressure (P), f) precipitation (p) and g) mixing height (%) in the winter;
open red boxes indicate events marked E1, E2, E3, E4 and Es, discussed in section 3
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Fig. 4. Time series of a) atmospheric radon concentration (Cra), b) air temperature (7), c) global energy radiation (ER),
d) diffusive energy radiation (ER), e) atmospheric pressure (P), f) precipitation (p) and g) mixing height () in the summer;
open red boxes indicate events, marked Es, E7, Es, and Ev, discussed in section 3

The growing of vertical mixing within PBL oc-
curs during the summer, driven by the longer expo-
sure of the land to sunlight as a result of days longer
than nights (Figure 4) (Stull, 2011). Higher radon
concentration in the winter and lower radon concen-
tration in the summer was found by Pal et al., (2015)
in central Europe, in southern Finland by Chen et
al., (2016) and in Milan by Sesana et al., (2003).

The main distribution characteristics of atmos-
pheric radon concentration, air temperature, relative
humidity, wind speed and precipitation (mean,

Geologica Macedonica, 31, 2, 157- 170 (2017)

standard deviation, mean daily maximum and mean
daily minimum) for the winter and summer seasons
are shown in Table 1.

Vertical processes in very stable conditions, in
mechanical turbulence (interaction of wind speed
and surface roughness elements) and in cloudy days,
horizontal processes and temporal variations in ex-
halation rate were assumed to affect the changes of
radon concentration in the winter and summer for
more than +6 from the mean seasonal level for more
than 24 hours. Concentrations outside of this region
are considered as events and further evaluated.
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Table 1

Basic statistics of radon concentration (Cra), air temperature (T), atmospheric pressure (P),
relative humidity (RH), wind speed (ws) and precipitation (p) in the winter and summer seasons

Winter Summer
December 2016-February 2017 June—August 2017
AM SD AM max  AM min AM SD AM max  AM min
Crn (Bqm) 20.7 15.5 35 9 14.6 9 29 5
T(°C) -0.03 5 3 -3 22 5 29 16
P (hPa) 988 9 991 986 981 983 979
RH (%) 77 16 88 62 61 18 85 38
ws (m s™) 1.3 1 2.6 0.4 1.5 1 3 0.2
p (mm) 0.3 1.1 1.1 0.05 0.5 1.5 2 0.03

AM - arithmetic mean, SD — standard deviation, AM max — mean daily maximum, AM min — mean daily minimum

A total of five events (hereinafter E;) were de-
tected in the winter 2016—17, their characteristics
are reported in Table 2. Four of E; were +o (E, Ex,
Es and Es) and one —6 (E4). Es has a short duration
(14 hours) and is related to nocturnal inversion. E;
and E3 (duration 38 and 34 hours) are related with
stable conditions (persistent inversion), and E> (with
significantly longer duration of 75 hours) with very

strong stable conditions (persistent inversion). All
+o E; were compared with a bulk temperature gra-
dient with a simple method for the detection of per-
sistent inversions based on near ground temperature
data on different altitudes as developed by Largeron
and Staquet (2016) and a clear relation was con-
firmed.

Table 2
+0 E; detected using criteria from section 2.3.
The duration of each event and most responsible influencing parameter of the event.
Event Duration Influencing parameter
+0 E1 18/12/2016 00:00 — 19/12/2016 10:00 (34 hours) Persistent inversion
+0 E> 24/12/2016 08:00 — 27/12/2016 12:00 (75 hours) Persistent inversion
+0 E3 31/12/2016 20:00 — 02/01/2017 10:00 (38 hours) Nocturnal inversion
—o Es 16/01/2017 13:00 — 17/01/2017 23:00 (35 hours) Katabatic wind and temporal variation of exhalation rate
+0 Es 01/02/2017 23:00 — 02/02/2017 13:00 (14 hours) Nocturnal inversion
+0 Es 03/06/2017 21:00 — 04/06/2017 10:00 (13 hours) Nocturnal inversion
—o E7 01/07/2017 00:00 — 02/07/2017 00:00 (24 hours) Maritime air masses
+0 Eg 01/08/2017 22:00 — 02/08/2017 11:00 (13 hours) Nocturnal inversion
-0 Eo 06/08/2017 23:00 — 07/08/2017 23:00 (24 hours) Temporal variation of exhalation rate

The meteorological parameters, such as preci-
pitation few days before (Figure 3f) and katabatic
(downslope) wind with moderate speed revealed the
reasons for —o Es.

In summer 2017, four E; were detected. The
main characteristics of each E; in summer are pre-

sented in Table 2. Two +o E; (Es and Eg) were re-
lated to the nocturnal inversion (duration 13 hours),
broke-up within 5-6 hours after sunrise. The very
low level of radon concentration in the air during —
o E7 was the result of the horizontal processes, con-
nected to the maritime air masses, coming from the
Adriatic Sea accompanied by southwestern winds.

Geologica Macedonica, 31, 2, 157- 170 (2017)
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While —o Eois explained with moderate wind speed
during night and day and effect of the soil moisture
on the exhalation rate of radon concentration.

The following four events, marked as E3, Es,
Es and E7, are explained in more details in the fol-
lowing sub chapters.

3.1. The response of the atmospheric radon
concentration to the nocturnal/persistent inversion
(E3 and Es)

High atmospheric pressure (> 985 hPa) under
generally clear sky conditions (Figures 3e and 5f)
occurred before and during E3 (31/12/2016 20:00 —
2/01/2017 10:00). Wind speed remained below
0.5ms', air temperature and relative humidity
showed a clear diurnal variation pattern (Figures 5b,

5d and 5e), typical for such conditions (Schnelle &
Brown, 2002; Whiteman et al., 1999). There was no
rainfall throughout the period.

The diurnal variation of atmospheric radon
concentration with a maximum (~ 80 Bq m™) early
in the morning and minimum (~ 40 Bq m™) in the
afternoon was linked to the vertical mixing in the
atmosphere; the mixing height was less than 300 m
above ground level (a.g.l.) during daytime and as
low as 50 m a.g.1. at night (Figure 3g). The mixing
height evenly matched with the inversion in the ba-
sin which often fills the whole mixing layer from the
ground to an inversion top which usually coincides
with an average elevation of the peak surrounding
the basin. In our case, this average elevation is about
695 m.

P i ™

30112 30112 31/12 31/12 01/01 01/01 02/01 02/01 03/01 03/01

00 12 00 12 00

12 00 12 00 12

Date and time

Fig. 5. Time series of a) atmospheric radon concentration (Crn), b) wind speed (ws), ¢) wind direction (wd), d) air temperature (7),
e) relative humidity (RH) and f) cloud cover (CC) during the period before and after +c E3 (31/12/2016 20:00 — 02/01/2017 10:00)
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The persistent inversion broke up within 3
hours after sunrise on 2 January (Figure 5a). The
end of E3 was with a low-pressure (< 980 hPa), en-
hanced wind speed (Figures 3e and 5b), which
might be channelled in the basin and destroyed the
persistent inversion (Whiteman et al., 2004). Radon
concentration decreased rapidly achieving the typi-
cal mean level (Figure 5a).

Beginning on the morning of 3 June (Es), the
sky was clear with maximum air temperature 25°C
and maximum wind speed ~ 4 m s~ (Figures 6b, 6d
and 6f). The atmospheric radon showed a typical di-
urnal variation with a minimum (7 Bq m™) in the
afternoon (Figure 6a). After the sunset, the gradu-
ally built-up of radon concentration occurred with a
maximum (55 Bq m™) by diverting the mean sea-
sonal level, under the very calm wind speed condi-
tions (Figures 6a and 6b). This substantial increased
of radon concentration was clearly linked to the
strong nocturnal inversion. Radon concentration in

the morning did not show any changes with the sun-
rise, the decreasing of radon occurred after 10:00
with the dissipation of the nocturnal inversion. The
mixing height during the night-time was less than
50 m a.gl. and after broke up of the inversion
reached the height 1430 m a.g.l. (Figure 4g).

In the summer months, compared with other
seasons, the nocturnal inversions are rapidly dis-
solved because of the intense solar radiation (Kas-
somenos & Koletsis, 2005). In this case, the noctur-
nal inversion was broke-up within 5 hours after sun-
rise because of the latent heat flow, days before the
high frequency of the precipitation occurred and the
ground remained wet, a distinct part is converted
into latent heat flow, due to evaporation, instead of
sensible heat flow (Wezel & Chang, 1988). The
daytime was followed with precipitation and radon
concentration decreased on the typical mean level
(Figures 4a and 4f).
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Fig. 6. Time series of a) atmospheric radon concentration (Cra), b) wind speed (ws), ¢) wind direction (wd), d) air temperature (7),
e) relative humidity (RH) and f) cloud cover (CC) during the period before and after +o Es (03/06/2017 21:00 — 04/06/2017 10:00).
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3.2. Changes on atmospheric radon as a function
of the temporal variation of exhalation rate
and wind direction/speed (E4)

Overcast conditions with a precipitation (~ 6
mm) occurred several days before the E, (Figures 3f
and 7f). On 16 January after 12:00 the radon con-
centration decreased and did not show the variation
for next 35 hours (Figure 7a). Since Ljubljana Basin
has a lot of underground waters, the level of them
might be increased because of the precipitation and
affecting the exhalation rate. The soil moisture sig-
nificantly reduces the diffusion and exhalation of ra-
don from the soil (Nazaroff, 1992; Mattsson, 1970).
By not neglecting the fact that air temperature be-
fore and during E4 was under 0°C (Figure 7d),
which could lead to the conclusion that the soil has
been frozen and affected the total reduction of ex-
halation rate (Feichter & Crutzen, 1990; Jacob &
Prather, 1990).

The decrease of the radon concentration during
E4in Figure 7a was related to the change of the wind
speed and direction (Figures 7b and 7¢). The eastern
katabatic wind coming from the Posavje hills (the
highest peak 1219 m a.s.l.) with enhanced wind
speed (Figure 8). Generally, the katabatic wind is
nocturnal wind but it can also be formed in

the daytime over snow- or ice-covered slopes (Fig-
ure 8) (Stull, 2011). Katabatic winds might lead to
the formation of fog (Stull, 2011) in the Ljubljana
Basin (Figure 7).

Well-mixed conditions have occurred during
the E,; with mixing height more than 1000 m a.g.l.
during daytime and as low as 500 m a.g.l. at night
(Figure 3g).

3.3. The effect of origin of air masses
on atmospheric radon (E7)

Temporal variation of atmospheric radon,
wind speed and direction, air temperature, relative
humidity and cloud cover during the period before
and after E7 is shown in Figure 9 and the 4 days
backward trajectories of air masses passing the
measurement location in Ljubljana Basin are shown
in Figure 10. A decreased of radon concentration af-
ter midnight on 7 June (Figure 9a) revealed the in-
fluence of maritime air masses originating over the
Adriatic Sea and travelling with the southwestern
moderate wind (Figure 11). After the E7 the air
masses were continental (Figure 10) and an increase
of the radon concentration was observed on the typ-
ical mean level for the subsequent days (Figure 9a).

14/01 14/01 15/01 15001 16/01 16/01 17/01 17/01 18/01 18/01

00 12 00 12

12 00 12 00 12
Date and time

Fig. 7. Time series of a) atmospheric radon concentration (Cra), b) wind speed (ws), ¢) wind direction (wd), d) air temperature (7),
e) relative humidity (RH) and f) cloud cover (CC) during the period before and after —o E4 (16/01/2017 13:00 — 17/01/2017 23:00)
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Fig. 8. The bivariate polar plot of mean atmospheric radon concentration on the day and night-time jointly
with eastern (katabatic) wind during the —¢ E4 (16.01.2017 13:00 — 17.01.2017 23:00).

S ]
bl 1
3 401 i

1

30/06 30/06 01/07 01/07 02/07 02/07 03/07 03/07
00 12 00 12 00 12 00 12

Date and time

Fig. 9. Time series of a) atmospheric radon concentration (Cra), b) wind speed (ws), ¢) wind direction (wd), d) air temperature (7),
e) relative humidity (RH) and f) cloud cover (CC) during the period before and after —o E7 (01/07/2017 00:00 — 02/07/2017 00:00)
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(01/07/2017 00:00 — 02/07/2017 00:00), shown grouped for each day (every 24 hours new trajectory) and coloured accordingly

AM Cg,/ Bgm™

4 5 6 7 8

Figure 11. The bivariate polar plot of mean atmospheric radon concentration jointly
with the southwestern wind during the —o E7 (01/07/2017 00:00 — 02/07/2017 00:00)
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4. CONCLUSIONS

The one year data series of atmospheric radon,
obtained at the Ljubljana BeZigrad meteorological
station during December 2016 — November 2017,
was analyzed along with the meteorological data
and back trajectory information.

Radon concentration exhibited the annual cy-
cle with a higher mean in the winter (20.7 £ 15.5
Bq m™) and a lower mean in the summer (14.6 =9
Bq m™) reflecting the PBL evolution on a seasonal
timescale. Most of the time, radon showed the typi-
cal diurnal variation following the related mean sea-
sonal level attributed to the vertical mixing pro-
cesses. Among this typical pattern, we were able to
detect with a simple statistical analysis based on +o
deviations of the atmospheric radon concentration
from the seasonal mean value nine events (E;). The
parameter persistent/nocturnal inversion was the
main reason for +o E;. The temporal variation of the
exhalation rate, wind direction/speed and maritime
air masses have been recognized as responsible in-
fluencing parameter for —o E;.

The obtained results imply that atmospheric
radon is a suitable tool for studying the building and
breaking up of the persistent/nocturnal inversion in
the basin. The determining of the equivalent mixing
height based on the radon box model is much sim-
pler because there is no need to take into account the

horizontal advection transport and residual radon
concentration from a previous, deeper, mixed layer
during the inversion periods. Radon proved to be a
good indicator of the wind direction and influence
of the origin of air masses.

The temporal variability of the exhalation rate
of radon, which was mainly due to soil moisture,
seems to influence the variation of the atmospheric
radon. Therefore, the long-term experimental data
of radon exhalation on the Ljubljana Basin would
improve the usage of radon as an atmospheric
tracer.
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Peszume

IMAPAMETPH KOHU BJIMJAAT BP3 OTCTAITYBAIBETO HA KOHIIEHTPAIIMJATA HA PAJIOH
OJl HETOBATA TUIIMYHA JHEBHA IIEMA BO 3UMCKA U JIETHA CE30HA

Naduna Kukaj', Jama Baynoruy?

!Vyunuwitie 3a dociwiouiinomcku cityouu Joocedh Llitiehan,
Jamosa yeciva 39, 1000 Jbybsana, Crosenuja
2Uncinuinyi Josced Ulitiepan, O00en 3a nHayku na i uomiHailia cpeound,
Jamosa yeciia 39, 1000 Jbybwana, Cnosenuja
dafina kikaj @ijs.si

Kunyunu 360poBu: arMochepcku paJioH; KOHTHHYHPAHO MEpEIbe; ICBHjallii BO KOHIIEHTpAIUjaTa;
CJ10j Ha IUIAHEeTapHa TPaHKLIA; TOCTOjaHa MHBEP3HUja; BO3AYIIHI MacH

Payonor (**?Rn) ce KOPUCTH Kako aTMOc(epCKH Tpejcep
3a NpOy4yBame HAa BEPTHKAJIHUTE MPOLECH Ha MEIIambe BO
pamkure Ha miaHerapuure cinoesu (PBL). Ilopaau Toa, Bpe-
MEHCKaTa CepHja YacOBHH aTMOC(EpPCKH KOHICHTpAIMU Ha
pangoH nobueHa Bo JbyOibaHa Oelle aHanIU3UpaHa 3a€IHO CO
METEOPOJIOIKUTE MOAATOLH H MH(POPMALIMUTE 32 COOABETHHUTE
TpaekTopuu o aexkempu 2016 mo nHoemBpu 2017 romuHa.
KoHueHTpauunjata Ha pajioH MOKakaja TOJMILEH LHUKIYC CO
HajBUCOKaA CpeiHa BpeaHocT Bo 3uma (20.7 + 15.5 Bq m™) u
HajHUCKa CpeiHa BPeAHOCT Bo jieTo (14.6 £ 9 Bq m~) oxpasy-
Bajk ja eBonyuujata Ha PBL Ha HHBO Ha Ce30HCKA BpEeMEHCKA
ckana. Bo Hajronmem nen on BpeMeTo, pajoOHOT IOKa)as Ka-
PaKTepUCTHYHM JTHEBHU BapHjallMH CIEAEjKH T'M MOBP3aHUTE

CPEIHH CEe30HCKHM HMBOA, a IITO MOXE J1a Ouje IpUIUIIaHo Ha
MIPOIIECUTE Ha BEPTUKAIHO Melame. Mery oBHe TUIIMYHH LiIe-
MH, JICBUjallMUTe HAa KOHIICHTpALKjaTa Ha aTMOC(EPCKUOT pa-
JIOH 3a MOBEKE O] =6 0] COOJIBETHATA CE30HCKA CPeHA Bpe/-
HOCT Omie OTKpHeHH BO 9 ciydan (+c E;) BO 3UMCKa U JIETHA
ce30Ha KOPHUCTEjKH €JHOCTaBHA CTaTHCTHYKa aHanmu3a. [lapa-
METapoT IEeP3UCTEHTHA/HOKHA HHBEP3Hja OOMYHO € IPUYMHA 32
+0 Ei, 1oneka BpeMeHCKaTa BapHjaldja Ha CTamKaTta Ha HC-
napyBame, HacOKaTa Ha BETepOT/Op3nMHATa Ha BETEPOT M IO-
MOpPCKHTE BO3JyLIHH Macd C€ MapaMeTpUTe OJrOBOPHU 3a
—o Ei.
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